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Bag X1, Matieland 7602, South Africa.Rytidosperma s.l., wallaby grasses and allies, is in dire need of a single, unanimously accepted generic tax-
onomy. Motivated by the desire to establish a generic classiﬁcation that complies with phylogeny, we
investigated how much phylogenetic signal is contained within a plastid (cpDNA) tree, given that the
nrDNA tree (ITS) was uninformative and that a phylogenetic hypothesis based on a single genome may
not be reliable. We ﬁnd that the plastid tree is signiﬁcantly different from a morphological cladogram
and show that this is the result of homoplasy in the morphological dataset. Treated individually, several
morphological characters ﬁt the plastid tree very well. Similarly, we ﬁnd a good ﬁt of the plastid tree with
ecological and distribution characters and with biogeographical patterns in the Southern Hemisphere.
We conclude that a signiﬁcant level of the species phylogeny is resolved by the plastid tree and are con-
ﬁdent it can form a sound basis for a reconsideration of generic limits. None of the currently recognised
seven genera in the Rytidosperma clade is monophyletic. Therefore, we propose combining the segregate
genera in Australasia within a broadly construed Rytidosperma, including all the species from Australia,
New Guinea, New Zealand and South America.
 2009 Elsevier Inc. All rights reserved.1. Introduction
A number of prerequisites for taxonomic chaos are fulﬁlled by
the grass genus Rytidosperma s.l.: substantial morphological varia-
tion, an intercontinental distribution and a relatively large number
of species. Indeed, for the past 40 years the generic delimitation of
the 74 species in Rytidosperma s.l. has been confused. Until the
1960s all of the then recognised species were included in the genus
Danthonia DC widespread in temperate regions of the Southern
Hemisphere and extending to North America and Eurasia. Zotov
(1963) started the segregation of Rytidosperma-like species from
Danthonia with the description of three genera in New Zealand:
Notodanthonia, Pyrrhanthera and Erythranthera. A decade later
Blake (1972) transferred all of the Australian species to Zotov’s
Notodanthonia. In South America, segregation of Danthonia went
down a different route. Nicora (1973) realised that Zotov’s Notod-
anthonia was equivalent to Steudel’s (1854) genus Rytidosperma
and transferred six Andean species of Danthonia to Rytidosperma,
thus reviving Steudel’s (1854) concept of a southern entity distinct
from the now primarily northern genus Danthonia. Soon thereafterll rights reserved.
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ersity of Stellenbosch, PrivateConnor and Edgar (1979) made the appropriate synonymisations
of Notodanthoniawith Rytidosperma for the species in New Zealand.
What was then to follow illustrates the confusion surrounding
these grasses and highlights the danger of limiting study of a group
to only a portion of its geographical range or taxonomic scope
(Bentham, 1858). Veldkamp (1980), working on the New Guinean
species, called for the conservation of what he considered a much
more established name, Notodanthonia, over Rytidosperma. Jacobs
(1982) in Australia opposed this, while at the same time expressing
his dissatisfaction regarding the separation of Rytidosperma from
Danthonia. Clayton and Renvoize (1986) suggested that Erythran-
thera, Karroochloa Conert and Türpe and Merxmuellera Conert be
included in Rytidosperma, thereby extending the concept of Rytido-
sperma to species from Africa for the ﬁrst time. None of the con-
cepts of these segregate genera was ever adopted in Australia –
although the species there were clearly allied – where a broad con-
cept of Danthonia remained (Beadle et al., 1982; Jacobs, 1982,
1993; Scott and Whalley, 1982; Simon, 1993; Walsh and Entwistle,
1994). Finally, in the mid-1990’s cladistic methodology was used
to draw up a new generic system for all of the Australasian species
(Linder and Verboom, 1996; Linder, 1997). Notodanthonia and Ryt-
idosperma (including Pyrrhanthera and Erythranthera and the New
Guinean genus Monostachya Merr.) were redelimited and two
new genera, Austrodanthonia Linder and Joycea Linder, were
erected to accommodate the remaining species. Also in this analy-
sis an afﬁliation to the African Karroochloawas clear but cytological
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Karroochloa was eventually conﬁrmed by molecular phylogenetic
analyses, following which Notodanthonia, Rytidosperma, Austrodan-
thonia and Joycea in Australasia, Karroochloa, Schismus and Triboli-
um in Africa, and a handful of montane species belonging to
Danthonia and Merxmuellera, were united in the ‘‘Rytidosperma
clade” (Barker et al., 2000). Of course, deﬁnition of this informally
named clade did not address the taxonomic chaos at the generic
rank, which remains dire. The New Zealanders continue to recog-
nise a broad Rytidosperma (with Pyrrhanthera segregated) (Edgar
and Connor, 2000), a concept that holds in South America (Baeza,
1996, 2002) and New Guinea (Veldkamp, 1993, 2004), whereas
in Australia Linder and Verboom’s (1996) generic concept has
gained widespread acceptance and is adopted also beyond the sci-
entiﬁc community. The taxonomic history of the African genera
Karroochoa, Schismus and Tribolium has been less chaotic. Cladistic
analysis of morphological data conﬁrmed that each genus was
reciprocally monophyletic with the inclusion of Urochlaena pusil-
lum Nees in Tribolium (Linder and Davidse, 1997), but recent anal-
yses have revealed that these genera do not correspond to
monophyletic groups on molecular phylogenetic grounds (Ver-
boom et al., 2006).
A unanimously accepted generic classiﬁcation is an imperative
for sound taxonomy and unambiguous communication. The exis-
tence of more than one working taxonomy may seriously hamper
communication because it opens the possibility of confusion and
error, obscuring the information that can be conveyed with a good
classiﬁcation. In a group that includes species of economic value
disagreement among taxonomists will have considerable conse-
quences beyond the scientiﬁc community (see Brickell et al.,
2008). In Australia, the wallaby grasses, Austrodanthonia, include
several species that are important pasture grasses (Lodge and
Whalley, 1989; Lodge and Groves, 1990). Other Austrodanthonia
species are used in landscaping and revegetation projects, as mid-
row plants for citrus and grapes (Jessop and Giddings, 2006) and in
addition several of the Rytidosperma-afﬁliated species occur as
weeds well beyond their native range (e.g. Austrodanthonia pilosa,
Schismus barbatus and S. arabicus in North America (Darbyshire,
2003)). An unfortunate example of how a chaotic taxonomy may
be perpetuated as error and cause confusion among end users of
taxonomy occurs in the recently published Manual of Grasses for
North America (Darbyshire, 2007), in which the same species are
referred to as Austrodanthonia in the introduction and key and Ryt-
idosperma in the species description.
One solution to deﬁning a sound generic classiﬁcation is to use a
phylogenetic hypothesis as a framework, such that genera are
based on ‘natural groups’ in evolutionary terms (Kornet, 1994;
Oberwinkler, 1994) and so that monophyletic genera may be
recognised (Hennig, 1966; Funk, 1985; Backlund and Bremer,
1998). The cladograms of Linder and Verboom (1996) and Linder
and Davidse (1997), which support the segregate genera, lack node
support, do not include any of the South American species and the
former is based on limited taxon sampling. There is an increasing
trend toward the use of nucleotide sequence data in taxonomic
studies at the generic rank (Humphreys and Linder, 2009). Dantho-
nioideae is no exception: a string of recent molecular phylogenetic
studies have addressed generic delimitation of certain groups (Cor-
taderia: Barker et al., 2003; African members of the Rytidosperma
clade: Verboom et al., 2006; Pentaschistis and allies: Galley and Lin-
der, 2007) or have assessed generic limits in the subfamily as a
whole (Pirie et al., 2008). However, none of these studies has pro-
vided resolution of the Rytidosperma clade that is informative en-
ough to serve as a guideline for a generic classiﬁcation. To
complicate matters further, several studies in the Danthonioideae
have revealed well supported conﬂict between nuclear and plastid
(chloroplast) gene trees (Barker et al., 2007; Pirie et al., 2008,2009), which has been attributed to ancient hybridisation events
(Pirie et al., 2009). Here we increase both taxon and character sam-
pling of the Australasian and South American members of the Ryt-
idosperma s.l. and test the usefulness of a single genome phylogeny
(cpDNA) for bringing order to a chaotic generic classiﬁcation,
against a background of morphological, distribution and ecological
data.2. Methods
2.1. Taxon sampling
Nomenclature follows Linder and Verboom (1996) (Austral-
asian species), Baeza (1996) (South American species) and that
used by Linder and Davidse (1997) (African species). We sampled
globally, expanding on the existing datasets of Barker et al.
(2000, 2003, 2007), Verboom et al. (2006) and Pirie et al. (2008).
Main obstacles to achieving complete taxon sampling were geo-
graphical inaccessibility and rarity or possible extinction of spe-
cies. Species for which we were unable to obtain fresh material,
along with the aforementioned reasons, are listed in Table 1.
We obtained material for 82/101 species in the Rytidosperma
clade (81%), represented by 115 accessions. Twenty seven species,
primarily those that are geographically widespread (e.g. N. gracilis
or R. pumilum) or morphologically variable (e.g. A. caespitosa)
(Appendix A), are represented by multiple accessions. We also in-
cluded six taxa of tentative status (possible subspecies or species
awaiting description) but other than these we did not attempt to
include all described infraspeciﬁc taxa. Given that a handful of
New Zealand taxa seem to have been driven to extinction by recent
damage to native grassland (H. Connor, pers. comm.), and that we
did not sample in New Guinea, we were able to include a fair rep-
resentation of ‘available’ species diversity (Table 2). Outgroup taxa
(Cortaderia fulvida (Buchan.) Zotov, Danthonia alpina Vest, Lampro-
thyrsus peruvianus Hitchc., and Pseudopentameris macrantha (Sch-
rad.) Conert) were chosen to represent the most closely related
clades found in the analyses of Pirie et al. (2008). Plant material
was collected in the ﬁeld during the austral summer of 2005–
2006 and dried in silica gel. Voucher specimens are housed at Z
or BOL if not otherwise indicated (Appendix A).
2.2. Molecular marker selection
We ﬁlled in the gaps in the datasets used by Verboom et al.
(2006) and Pirie et al. (2008) for the non-coding regions atpB-rbcL,
the rpl16 intron, trnL-trnF and protein coding regions ndhF, matK
and rbcL of chloroplast DNA (cpDNA) and ITS of nuclear ribosomal
DNA (nrDNA) (Appendix A). With the aim to improve resolution
within the Rytidosperma clade we sampled two further non-cod-
ing cpDNA regions: trnT-trnL, which has been shown to be useful
at the species level in the Danthonioideae (Galley and Linder,
2007) and trnD-psbM-ycf6-trnC, which has been recommended
for use at the species level based on trials on diverse plant groups
(Shaw et al., 2005) (Appendix A). More conservative coding regions
(matK, rbcL) were sequenced for a selection of placeholder taxa
only, following the sampling strategy of Pirie et al. (2008). Primer
use largely followed Pirie et al. (2008), with deviations indicated
in Table 3.
2.3. DNA extraction, ampliﬁcation and sequencing
Total DNA was extracted using the DNeasy Plant Mini Kit (Qui-
agen GmbH, Germany), deviating only from manufacturer’s proto-
col in using 3 ll RNase instead of 4 ll and increasing the
incubation time with RNase from 10 to 30 min. Attempts to extract
Table 1
Listing of unsampled species and the reasons preventing their sampling.
Taxon Country Locality Reason unsampled (A)/Reason not
collected by the authors (B)/Status (C)
Formally
recognised
threat status
Herbarium extraction
tried? (A)/Material (B,
C)
Collector other
than authors
(A) Species unsampled in the study
Schismus inermis (Stapf) C.E. Hubb. SA Bredasdorp Flats Couldn’t ﬁnd it No
Austrodanthonia bonthainica
(Jansen) H.P. Linder
SE Asia Celebes (Bonthain) Politically inaccessible No
Rytidosperma craigii (Veldk.)
H.P.Linder
SE Asia W Sepik Prov., Papua New Guinea Politically inaccessible No
Rytidosperma dendeniwae (Veldk.)
H.P. Linder
SE Asia Northern Prov., Papua New Guinea Politically inaccessible No
Rytidosperma javanicum (Phwi ex
Veldk.) H.P. Linder
SE Asia Java, Malang Politically inaccessible No
Rytidosperma mamberamense
(Jansen) Connor & Edgar
SE Asia New Guinea, Irian Jaya Politically inaccessible No
Rytidosperma montis-wilhelmii
(Veldk. & Fortuin) H.P.Linder
SE Asia Irian Jaya and W Highlands Prov., Papua New Guinea Politically inaccessible No
Rytidosperma nardifolium (Veldk.)
H.P. Linder
SE Asia Central Prov., Papua New Guinea Politically inaccessible No
Rytidosperma nudum (Hook f.)
Connor & Edgar
NZ Ruahine and Tararua Ranges, North Island Couldn’t ﬁnd it. (Rare. Does not set seed.
(H. Connor & K. Lloyd pers. comm.))
At Risk/Range
Restricteda
Yes
Rytidosperma viride (Zotov) Connor
& Edgar
NZ Southern North Island and NW Nelson, South Island Couldn’t ﬁnd it. (Rare. Does not set seed.
(H. Connor & K. Lloyd pers. comm.))
Yes
Rytidosperma tenue (Petrie) Connor
& Edgar
NZ Nelson and Westland, South Island Couldn’t ﬁnd it. (Rare. Does not set seed.
(H. Connor pers. comm.; Connor, 1988))
Data Deﬁcienta No
Rytidosperma horrens Connor &
Molloy
NZ Lake Ohau area, South Island Rare, geographically difﬁcult access
(helicopter)
Data Deﬁcienta No
Austrodanthonia remota (D.I.
Morris) H.P. Linder
AU Hibbs Pyramid, on island W of Tasmania Rare, geographically difﬁcult access
(island)
Rareb No
Austrodanthonia biannulare (Zotov)
H.P. Linder
NZ Southern North Island (to Auckland) and northwest South
Island
Time limitations prevented visiting this
area
Yes
Notodanthonia nigricans (Petrie)
Zotov
NZ Tararua and Rimutaka ranges, North Island; west of the Main
Divide, South Island
Time limitations prevented visiting area
(couldn’t ﬁnd it in Tararua)
Yes
Rytidosperma sorianoi Nicora Arg Prov. Neuquén Time limitations prevented visiting this
area
No
(B) Species not collected by the authors, but for which material was provided by colleagues
Austrodanthonia induta (Vickery)
H.P. Linder
AU From southern Qld, west to the Vic-S.A. border, and in Tas. Never found it Silica N. Walsh
Austrodanthonia acerosa (Vickery)
H.P. Linder
AU W.A. Time limitations prevented visiting this
area
Silica T. Macfarlane
Austrodanthonia occidentalis
(Vickery) H.P. Linder
AU W.A. Time limitations prevented visiting this
area
Poorly Knownb Silica T. Macfarlane
Austrodanthonia richardsonii
(Cashmore) H.P. Linder
AU N.S.W., Vic., S.A. Never found it Seed USDA
Rytidosperma paschale (Pilg.) C.M.
Baeza
Chl Easter Island Time limitations prevented visiting this
area
Cultivated plant G. Zizka
Rytidosperma petrosum Connor &
Edgar
NZ Wellington, North Island; Nelson, South Island; plus islands
off the NZ coast
Couldn’t ﬁnd it At Risk/Range
Restricteda
DNA extraction J. Keeling, R.
Gardner & P. de
Lange
Rytidosperma vestitum (Pilg.)
Connor & Edgar
SE Asia New Guinea, Papua New Guinea, widespread Politically inaccessible DNA extraction RBG Kew DNA
bank
Rytidosperma oreoboloides
(F.Muell.) H.P.Linder
SE Asia Sumatra, Sabah, Philippines, Celebes, New Guinea Politically inaccessible DNA extraction RBG Kew DNA
bank
Schismus arabicus Nees (AU) Introduced from N. Africa to W.A. and S.A. Time limitations prevented visiting this
area
Dried plant material N. Walsh
(continued on next page)
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Table 1 (continued)
Taxon Country Locality Reason unsampled (A)/Reason not
collected by the authors (B)/Status (C)
Formally
recognised
threat status
Herbarium extraction
tried? (A)/Material (B,
C)
Collector other
than authors
(C) Taxa of uncertain rank or status
Austrodanthonia caespitosa var
‘swamp’
AU Glenelg River area, Vic. Awaiting formal description at species
rank
Silica
Austrodanthonia setacea ‘big’ AU Bungalook Conservation Reserves, Vic. Local morphotype? Silica
Austrdanthonia pilosa ‘dark’ AU Bungalook Conservation Reserves, Vic. Local morphotype? Silica
Austrodanthonia sp. ‘Goomalling’ AU W.A. Awaiting formal description at species
rank
Silica T. Macfarlane
Austrodanthonia setacea var.
breviseta
AU W.A. Awaiting formal description at species
rank
Silica T. Macfarlane
(D) Species at ‘risk’ we were able to collect
Rytidosperma telmaticum Connor &
Molloy
NZ Canterbury and Otago, South Island At Risk/Range
Restricteda
Austrodanthonia mera (Connor &
Edgar) H.P.Linder
NZ North Island and South Island Sparsea
Austrodanthonia popinensis (D.I.
Morris) H.P. Linder
AU Tas. Endangeredc
Rytidosperma pumilum (Kirk)
Clayton & Renvoize ex Connor &
Edgar
AU/NZ AU: Mt Kosciuszko,N.S.W.; NZ: Volcanic Plateau, North
Island; along and to the east of the Main Divide, South Island
Vulnerablec
Rytidosperma nitens (D.I. Morris)
H.P. Linder
AU Tas. Rareb
a New Zealand Threatened Plant Committee.
b Rare or Threatened Australian Plants.
c Environment Protection and Biodiversity Conservation Act (AU).
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Table 2
Number of unsampled species per genus.
Genus Unsampled Total
Austrodanthonia 3 28
Joycea 0 3
Notodanthonia 1 5
Rytidosperma 11 38
Schismus 1 5
Karroochloa 0 4
Tribolium 0 10
‘‘Merxmuellera” 1 5
‘‘Danthonia” 2 3
TOTAL 19 101
A.M. Humphreys et al. /Molecular Phylogenetics and Evolution 55 (2010) 911–928 915useful DNA from herbariummaterial using both a modiﬁed version
of the CTAB method (Smith et al., 1991) and the DNeasy Plant Mini
Kit failed. In some cases DNA was obtained, but the quality was not
sufﬁcient to amplify regions of interest.
Polymerase Chain Reactions (PCR) were performed in Biometra
thermocyclers (T-1 thermoblock, Göttingen, Germany) or Techne
(TC-412, Cambridge, UK) in reaction volumes of 25 ll of 2.5 ll
PCR buffer (10, Sigma), 2.5 ll MgCl2 (25 mM) (Sigma, Germany),
4.0 ll dNTPs (1.25 mM) (New England Biolabs or Promega), 0.8 ll
each of the two primers (10 lM) (Microsynth AG, Switzerland),
0.15 ll Taq DNA polymerase (5 U/ll) (Sigma, Germany) and 1 ll
DNA template, with the ﬁnal volume made up with ddH2O. To in-
crease yields for marker regions and/or DNA templates that were
otherwise difﬁcult to work with 1.0 ll BSA (5 lg/ll) and in some
cases 1.0 ll DMSO (5%) were added. PCR cycling programmes were
as follows: an initial 4 min at 94 C followed by 30–35 cycles of
30 s at 94 C, 1 min at 50–55 C, 1–3 min at 72 C (time and tem-
perature depending on the length of the product and on previously
identiﬁed speciﬁcity of ampliﬁcation at lower temperatures), ter-
minated by a ﬁnal extension period of 5 min at 72 C. Puriﬁcation
of PCR products was done using GenElute PCR Clean-Up Kit (Sigma,
Missouri, USA) with a ﬁnal elution volume of 30 ll or with GFX PCR
DNA Puriﬁcation Kit (Amersham Biosciences, Buckinghamshire,
UK), using only 250 ll of capture and wash buffers and 30 ll of
elution buffer. Ampliﬁcation and puriﬁcation results were visual-
ised on 1.5% agarose gel, stained with ethidium bromide. Cycle
sequencing was carried out in a reaction mix of 1.0 ll BigDye Ter-
minator (version 3.1, Foster City, CA, USA), 1.0 ll buffer, 0.5 ll pri-
mer, 5.5 ll ddH2O and 0.5–3.0 ll puriﬁed PCR product in a 3130xl
Genetic Analyzer (Applied Biosystems).Table 3
Primers used in this study. Those marked in bold indicate deviation from those used by P
Region Primer Use
trnL-F TabC, TabF PCR +
rpl16 intron F71, R1000 PCR +
ITS L, 4 PCR +
rbcL Z1, R3; F2, 1374R PCR +
matK Mk_F1 or s51F*, mk_R1* PCR
s51F*, W*, 1210R*, 7B*, 9R*, mk_R1 Seque
atpB-rbcL f1c, r1a2 PCR +
atpBrbcL_intF, atpBrbcL_intR PCR +
ndhF 1F, 1318R, 972F, 2110R PCR +
trnT-L TabA PCR +
TabB PCR +
Danth_trnTL_intF PCR +
Danth_trnTL_intR1 PCR +
Ryt_trnTL_intR1 PCR +
trnC-D trnDR PCR +
psbMR PCR +
psbMF PCR +
yof6R Seque
yof6F Seque
trnCF PCR +2.4. Sequence alignment, indel coding, matrix combination and
identiﬁcation of ‘walking taxa’
Sequences were assembled and edited in Sequencher 4.6 (Gene
Codes Corporation; MI, USA) and aligned manually in MacClade
4.07 (Maddison and Maddison, 2005). Manual alignment was
deemed appropriate since alignment was unambiguous for all re-
gions of all markers, except for the particularly length variable
trnT-trnL and atpB-rbcL spacers, from which a ca. 20 base pair
(bp) poly-T region was excluded. Cloning of the nuclear-encoded
ITS locus was not carried out, since no multiple peaks were de-
tected in the sequence chromatograms. Indel characters were
coded in SeqState 1.25 (Müller, 2005a) using the simple indel cod-
ing option of Simmons and Ochoterena (2000). Coded indel charac-
ters were checked manually to ensure all missing and ambiguous
data had been treated appropriately.
Each marker was ﬁrst analysed separately to assess behaviour
of individual sequences and to inspect for evidence of incompati-
bility among markers. Explorative parsimony analysis was carried
out in PAUP* 4.0b10 (Swofford, 2000): 5000 replicates of heuristic
search, random addition sequence (RAS), holding one tree per se-
quence. Branch swapping was done by tree-bisection-reconnection
(TBR), saving no more than 10 trees in each replicate. Given that
the chloroplast markers are part of a single, non-recombining,
genomic unit conﬂict between individual gene trees would only
be expected in cases of experimental error. Manual inspection of
trees resulting from analysis of individual chloroplast markers re-
vealed no such evidence (BSP 70%). All chloroplast regions were
therefore combined in a single matrix. No further formal test of
incongruence was carried out because the best understood of such
tests, the incongruence length difference test (ILD; Mickevitch and
Farris, 1981) and the Templeton test (Templeton, 1983) have
repeatedly been shown to be unreliable (e.g. Sullivan, 1996; Cunn-
ingham, 1997; Ramirez, 2006). Resolution in the strict consensus
resulting from analysis of the ITS dataset was very limited and
bootstrap analysis (1000 replicates with heuristic searches, 10
RAS, with TBR on each round of bootstrap analysis) revealed only
20 nodes with BSP 70% (see electronic Appendix I). Five of these
20 nodes are in conﬂict with nodes with BSP 70% in the combined
cpDNA tree. One of the conﬂicting nodes is deep in the tree and de-
picts 90% of the taxa, one is intermediate and depicts 6% of the taxa
and the other three are tip nodes, each depicting only two taxa. As
the ITS tree was too poorly resolved to be useful in its own right or
to identify (and appropriately treat) possible further conﬂict prioririe et al. (2008).
Sequence/Reference
sequencing Taberlet et al. (1991)
sequencing Baum et al. (1998), Galley and Linder (2007), resp.
sequencing Baum et al. (1998)
sequencing Barker et al. (2007)
*Hilu et al. (1999), Moline and Linder (2005)
ncing *Hilu et al. (1999), Moline and Linder (2005)
sequencing Hardy and Linder (2005)
sequencing Galley and Linder (2007)
sequencing Olmstead and Sweere (1994)
sequencing Taberlet et al. (1991)
sequencing Taberlet et al. (1991)
sequencing This study: 50-GGA AAB CCS TAA AAC G-30
sequencing This study: 5’-GTA TTA GAT TAT TCG TCY GAK CC-3’
sequencing This study: 5’-GTA TTA GAT TAT TCG TCC GAG CC-3’
sequencing Shaw et al. (2005)
sequencing Shaw et al. (2005)
sequencing Shaw et al. (2005)
ncing Shaw et al. (2005)
ncing Shaw et al. (2005)
sequencing Shaw et al. (2005)
Table 4
Selection of model of molecular evolution using the Akaike Information Criterion
(AIC).
Marker Best ﬁt model Model chosen D AIC D AICGTR+I+G
atpB-rbcL GTR+I+G GTR+I+G – –
ndhF TVM+I+G GTR+I+G 1–2 –
rbcL K81uf+I+G TIM+I+G 1–2 5.53
rpl16 intron K81uf+I+G TIM+I+G 1–2 2.99
matK TVM + G GTR+I+G 1–2 –
trnC-D TVM+I+G GTR+I+G 1–2 –
trnL-F TIM+I+G TIM+I+G – 3.21
trnT-L GTR+I+G GTR+I+G – –
916 A.M. Humphreys et al. /Molecular Phylogenetics and Evolution 55 (2010) 911–928to combination no further analyses were carried out on the ITS
dataset.
To assess the positional stability of individual accessions in the
combined cpDNA phylogeny we used the Taxon Instability Among
Trees function in Mesquite 2.6 (Maddison and Maddison, 2009)
using all most parsimonious trees resulting from explorative anal-
yses as input. Taxa that are placed differently in different trees
have a high overall patristic distance and are identiﬁed as unstable
‘walking taxa’. To test whether such instability might be the result
of missing data (‘‘?”) we plotted the ‘taxon instability’ against the
amount of missing data for each accession as implemented in
Mesquite.
2.5. Parsimony analyses and monophyly testing
All characters were treated as unordered (Fitch parsimony,
Fitch, 1971) and of equal weight. Indels were coded as missing
‘‘–‘‘, missing data as unknown ‘‘?” and uncertainties following the
IUPAC code. Initial searches resulted in hundreds of very similar
trees and poorly resolved consensus trees. To enable more tree
space (‘tree islands’) to be searched we used the parsimony ratchet
described by Nixon (1999). We carried out two independent runs
of 200 ratchet iterations as implemented in PAUP* using Pauprat
(Sikes and Lewis, 2001), from which all shortest, unique trees were
used as starting trees for a second round of heuristic searches with
TBR branch swapping, saving only one tree per replicate, until
10,000 shortest trees were found. Strict consensus trees of both
the pools of shortest trees were calculated and inspected manually
as a measure of having adequately explored tree space. If the strict
consensus trees are identical, it is assumed that they are an ade-
quate representation of the strict consensus of all shortest trees,
even if not all the shortest trees have been found.
Several recently published phylogenies (e.g. Draper et al., 2007;
Grimm et al., 2007; Grimm and Denk, 2008; Kocyan et al., 2008)
present bootstrap support values calculated following the ﬁndings
of Müller (2005b), that increased search effort beyond the use of
one simple addition search with TBR branch swapping do not affect
bootstrap support values. However, none of these studies test
whether this holds true for their dataset although it is known that
the outcome of bootstrap analyses may be highly dataset depen-
dent (DeBry and Olmstead, 2000; Mort et al., 2000; Sanderson
and Wojciechowski, 2000). Further, Müller’s (2005b) conclusions
have been extrapolated for use under RAS too (Renner et al.,
2007; Komarova et al., 2008). To test the possible inﬂuence of
RAS versus simple addition sequence and few versus many boot-
strap iterations on the present dataset we ran four separate boot-
strap analyses with full heuristic searches, holding one tree per
taxon addition sequence, with TBR branch swapping: (1) RAS-
500:500 bootstrap replicates, each of 50 replicates of RAS, saving
no more than 10 trees in each replicate; (2) RAS-10,000:10,000
bootstrap replicates, each of 1 replicate of RAS, saving no more
than one tree per replicate; (3) SIMPLE-500:500 bootstrap repli-
cates, simple addition sequence, holding up to 50 trees during
TBR branch swapping; (4) SIMPLE-10,000:10,000 bootstrap repli-
cates, simple addition sequence, holding up to 50 trees during
TBR branch swapping. Differences between support values re-
trieved from the respective analyses were evaluated statistically
using Wilcoxon’s signed rank test, a sign test and a correlation
analysis.
Parametric bootstrapping (Hillis et al., 1996; Huelsenbeck et al.,
1996) was carried out to test whether constraining each of the four
genera (Linder and Verboom, 1996) as monophyletic causes a dif-
ference in tree length that is signiﬁcantly different from a length
difference that can be attributed to stochasticity in the process of
molecular evolution. Heuristic searches (200 replicates of RAS,
holding 10 trees per step and with TBR branch swapping, keeping10 trees of score P 1) were carried out on the original dataset in
PAUP* with and without each of the four genera Austrodanthonia,
Joycea, Notodanthonia and Rytidosperma constrained to be mono-
phyletic. Based on the most appropriate model of nucleotide se-
quence evolution, as estimated in Modeltest 3.7 (Posada and
Crandall, 1998) using only DNA characters, 100 new datasets were
simulated in SeqGen (Rambaut and Grassly, 1997) and constrained
and unconstrained analyses were carried out on each of the new
matrices as above. The resulting length differences (con-
strainedsim–unconstrainedsim) were plotted as a frequency diagram
and used as a null distribution of length differences, against which
the length difference (constrainedobs–unconstrainedobs) was
assessed.2.6. Bayesian analyses
The most appropriate model of nucleotide evolution was deter-
mined in Modeltest3.7 (Posada and Crandall, 1998) for each of the
cpDNA markers separately, using the Akaike Information Criterion
(AIC) (Akaike, 1973), which allows quantiﬁcation of model selec-
tion uncertainty (Posada, 2003; Posada and Buckey, 2004). For
most regions the General Time Reversible (GTR) model was found
to be the best or well supported, but for three datasets the Transi-
tional model (TIM) model had a lower AIC value. Loss of informa-
tion caused by using the GTR model in these three cases is
shown in Table 4. Since Bayesian analysis is relatively robust to
slight over-parameterisation (Ronquist et al., 2005), we analysed
all cpDNA regions using the same model of nucleotide sequence
evolution (GTR+I+G) as implemented in MrBayes v3.1.2 (Ronquist
and Huelsenbeck, 2003). The data were separated into three parti-
tions: coding regions (matK, rbcL, ndhF), non-coding regions (trnL-F,
trnT-L, rpl16 intron, atpB-rbcL, trnC-D) and indels (‘gap’ characters).
Indels were analysed using a F81-like binary model, assuming
equal rates of shifts between (0) and (1) and no all-absence or
all-presence characters. Markov Chain Monte Carlo (MCMC) analy-
sis was carried out, sampling every 103 generations, in four inde-
pendent runs, each with four simultaneous MCMC chains. The
sampled parameter values and trees were checked using Tracer
v1.4 (Rambaut and Drummond, 2007) and AWTY (Wilgenbusch
et al., 2004; Nylander et al., 2008), respectively, to ensure conver-
gence and sufﬁcient sampling of the four runs and to identify the
number of burnin generations. After 20  106 generations the
effective sample size (ESS) for all parameters and for all runs was
>100 and clade posterior probabilities were consistent between
runs and generations. However, three of the runs converged at a
mean log likelihood (LnL) of 43420, while the fourth run reached
a better likelihood plateau (LnL = 42740). Given the failure of
independent runs to converge at the optimal likelihood we started
a second analysis of four independent runs, providing the tree with
the highest posterior probability from the optimal run in the ﬁrst
analysis as a starting tree. In each of the runs the starting tree
was perturbed 10 times (nperts = 10) and in two of the runs the
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verged at LnL = 43420 after ﬁve or 10 106 generations (eight or
four chains, respectively) and a third after 14  106 generations.
All runs were left to run until they had reached 31 or 65  106 gen-
erations, depending on the number of chains, but the fourth chain
never reached the same likelihood plateau (LnL = 43750) and
none of the runs reached as optimal a likelihood plateau as that
found in the ﬁrst analysis. Post burnin trees from suboptimal and
optimal runs were summarised as 50% majority rule consensus
trees in various combinations (see Section 2). The percentage of
trees in which each node is present corresponds to its clade cred-
ibility (c.c.).
2.7. Morphological data and cladistic analyses
We compiled 249 characters (225 synapomorphic parsimony
informative) for 94 ingroup taxa, plus three outgroups (Pseudopen-
tameris macrantha, Cortaderia fulvida, Lamprothyrsus peruvianus).
These were scored from our DELTA (Dallwitz, 1980) database
(HPL) and personal observations (AMH). Forty ﬁve continuous
characters were coded as two or three states in such a way that
the number of polymorphic taxa was minimised. Characters and
character states are listed in Appendix B.
Morphological characters were analysed in PAUP* using two
independent runs of 200 parsimony ratchet iterations (Nixon,
1999) as outlined above. All characters were equally weighted
(EW) and unordered (Fitch parsimony, Fitch, 1971), gaps or inap-
plicables were coded as missing ‘‘–‘‘ and uncertainties as unknown
‘‘?”. Since most parsimonious trees (MPTs) found in both runs were
of the same score and their strict consensus trees were identical,
we did not swap further on those trees. Instead, they were all
pooled and used as a starting point for successive weighting
(SW) analysis (Farris, 1969) in which the contribution of each char-
acter was weighted according to its rescaled consistency index, RC
(Farris, 1989). Successive weighting was carried out in a two-stage
analysis (Willmott and Freitas, 2006) in which 2000 replicates of
TBR branch swapping were carried out and the most parsimonious
trees found used as a starting point for a second round of TBR
branch swapping which was continued until 10,000 trees were
found. These two stages were repeated until character weights sta-
bilised and identical trees were found.
Branch support was calculated on the SW matrix in PAUP with
1000 replicates of bootstrap analysis with full heuristic search,
simple sequence addition, holding 10 trees per step, TBR branch
swapping, saving no more than 5 trees each replicate. The validity
of a bootstrap analysis on the morphological dataset is debatable,
since there are probably not enough characters to carry out a reli-
able test (Zander, 2003), and since it assumes independence of
characters. Therefore, also Bremer support (Bremer, 1994) was cal-
culated using AutoDecay 5.0 (Eriksson, 2001) in conjunction with
PAUP*. One topological constraint was deﬁned for each branch
present in one of the MPTs from the successive weighting analysis
and heuristic searches (100 replicates of RAS with TBR, holding 10
trees each step) were run for each constraint using the ‘reverse
constraints’ method. The decay index represents the increase in
tree length required to satisfy the constraint (=collapse of a given
branch). Finally, unambiguous character state changes were
mapped on to one of the MPTs using the Trace All Changes com-
mand in MacClade.
2.8. Comparison of plastid tree with morphology, ecology and
distribution
2.8.1. Morphology
First the topologies from the respective analyses were exam-
ined for node to node congruence. Then, the difference betweenthe mean RC for each morphological character across the morpho-
logical cladogram and the respective mean RC across the 100
Bayesian trees with the highest posterior probability was evalu-
ated usingWilcoxon’s signed rank test (n = 225). Finally, we ranked
the characters according to their maximum RC across both sets of
trees to see which characters ﬁt the respective topology the best.
The distribution of character states of best ﬁtting characters across
each topology (number of steps) was compared to that expected by
chance, by generating 1000 random topologies in Mesquite (either
using the Random Branch Moves or Reshufﬂe Terminal Taxa
commands).2.8.2. Ecology and distribution
Ecology and distribution characters were scored from descrip-
tions and ﬂoras (Veldkamp, 1993; Curtis and Morris, 1994; Ja-
cobs, 1993; Walsh and Entwistle, 1994; Baeza, 1996, 2002;
Edgar and Connor, 2000; Darbyshire, 2003; Linder, 2004; Veldk-
amp, 2004; Veldkamp, unpublished notes; Molloy and Connor,
2005; Marsden, 2006), personal observations (AMH) and DELTA
(HPL) (Table 5). All characters were optimised over the 1000
Bayesian trees with the highest posterior probability using parsi-
mony as implemented in Mesquite. Number of steps required for
each character on the observed topology was compared to a null
distribution of parsimony character steps generated by perform-
ing 1000 Random Branch Moves on one of the trees, 1000 times.
Character 6, collection locality, was coded as the state in Austra-
lia or New Zealand or country in Africa from which each speci-
men was collected, regardless of the range occupied by the
species. This was done to be able to trace the geographical com-
ponent in cpDNA signal.3. Results
3.1. Behaviour of individual marker regions and accessions
Numbers of parsimony informative DNA and indel characters
for the individual matrices are shown in Table 6, along with tree
statistics of explorative parsimony analyses on each partition sep-
arately. Two accessions of A. penicillata (Labill.) H.P. Linder and
the single accession of R. vestitum (Pilg.) Connor and Edgar were
found to be relatively unstable in the Taxon Instability Among
Trees analysis of the combined cpDNA dataset (results not
shown). These were therefore removed. Three more taxa were re-
moved upon manual inspection of the most parsimonious trees
(one of the accessions of A. racemosa (R.Br.) H.P. Linder, A. sp.
‘Goomalling’ (A.G. Gunness et al. OAKP 10/63) and R. fortunae-hib-
ernae (Renvoize) Connor and Edgar). These taxa were not identi-
ﬁed as particularly unstable in the above test because their
positions were consistent across most of the trees, hence their
overall low patristic distance. In a few trees, however, their posi-
tions were markedly different and this had a disproportionally
high impact on the resolution of the strict consensus. No relation-
ship between the amount of missing data and the patristic dis-
tance across the trees was found (R2 = 0.0108, results not
shown), indicating that the degree to which taxa ‘walk’ is not di-
rectly related to the proportion of missing data and is therefore
not an artefact of the sampling strategy adopted. Six taxa repre-
sent 5% of the taxa in the current dataset, which is equivalent
to the outer percentiles often removed from a dataset to leave
the 95% credibility set. Upon removal of these taxa a much more
resolved and robust topology was achieved. The ﬁnal matrix of
115 accessions (representing 80 species, ﬁve tentative taxa, plus
four outgroups) and 12,712 aligned characters forms the basis
for the remainder of this paper.
Table 5
Ecology and distribution characters (optimised onto plastid tree).
Character States Parsimony
steps (obs)
Parsimony
steps (random)
P value
Altitude (0) <650 m (1) to 2150 m (2) >2200 m 66–69 69–85 <0.01
Habitat (0) grassland in full sun (1) lightly shaded woodland (2) shaded riverine forest (3) sclerophyll
shrubland (4) rock ledges (5) renosterveld (6) Namaqua broken veld (7) sand dunes (8) peat
bogs (9) arid shrubland/grassland (10) damp ground/wet grassland (11) feldmark
73–74 81–86 <0.01
Parent rock type (0) limestone (1) sandstones (2) basalts (3) granite (4) shales (5) laterite (6) serpentinite 112–113 119–133 <0.01
Moisture regime (0) well drained soils (1) seepages and wetter habitats (2) marshes and bogs (3) stream banks 50–51 55–62 <0.01
Continental distribution (0) Africa (1) Australia (2) New Zealand (3) South America (4) Europe (5) Asia (6) East Indies 21–22 48–61 <0.01
Collection locality (0) WA (1) VIC (2) ACT/NSW (3) TAS (4) SA (5) Marlborough (6) Otago (7) CH (8) Asia (9) S.
Africa (10) Namibia (11) North Island (12) Canterbury (13) Chile (14) Indo
43–46 68–85 <0.01
Table 6
Behaviour of individual molecular markers under parsimony; number of taxa, number of sequences, aligned sequence length, parsimony informative (PI) bases, parsimony
informative (PI) insertion–deletion characters (indels), total informative characters (Tot. inf. c), characters per taxon (C/Tax), characters per sequence (C/Seq), tree length,
consistency index (CI) and retention index (RI).
No. taxa (no. of seq’s) Aligned seq. length PI bases PI indels Tot. inf. c C/Tax C/Seq Tree length CI RI
trnL-F 88 (122) 1012 93 30 123 1.40 1.01 351 0.712 0.815
rpl16 intron 89 (120) 1055 101 45 146 1.64 1.22 453 0.748 0.840
atpB-rbcL 91 (122) 1002 73 26 99 1.09 0.811 333 0.664 0.806
trnT-L 87 (118) 768 84 30 114 1.31 0.966 359 0.713 0.811
trnD-C 79 (107) 3051 222 92 314 3.40 2.93 937 0.763 0.825
rbcL 49 (52) 1338 49 0 49 1.00 0.942 135 0.733 0.836
ndhF 88 (118) 2043 189 14 203 2.31 1.72 683 0.694 0.795
matK 45 (49) 1917 169 13 182 4.00 3.71 1643 0.875 0.656
ITS 77 (97) 640 148 22 170 2.20 1.75 648 0.551 0.753
Comb. cpDNA 88 (119) 12712 911 245 1156 13.1 9.70 3996 0.691 0.766
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The ﬁrst round of the parsimony ratchet resulted in 36 trees
of 3996 steps (CI = 0.691; RI = 0.766; Table 6) and the repeat
analysis resulted in 30 trees of the same tree scores. The second
rounds of swapping resulted in two identical strict consensus
trees (not shown).
Bootstrap analyses took between one and 78 h to complete
and revealed four different sets of node support values. Under
simple addition sequence, differences in the number of bootstrap
replicates did not lead to signiﬁcantly different results
(Table 7A–C, r2P 0.95 for all comparisons), suggesting that for
a medium sized dataset analysed under simple taxon addition
increasing the number of bootstrap replicates does not signiﬁ-
cantly alter BS support values. In contrast, under RAS, differences
in number of bootstrap replicates and search strategy had a sig-
niﬁcant effect on support values of less well supported nodes
even though support values were highly correlated (Table 7A–
C, r2P 0.94 for all comparisons). Müller’s (2005b) ﬁndings ought
thus not be interpreted as applying to RAS. Simple addition se-
quence versus RAS resulted in marginally signiﬁcant differences
for well supported nodes (P80%) (Table 7B, r2 = 0.76) and signif-
icant differences for less well supported nodes when more boot-
strap iterations were run but not when fewer bootstrap
replicates were run (Table 7C). However, support values from
these two analyses were the least correlated of all comparisons
(r2 = 0.57, 0.48), indicating that differences are greater and more
scattered, even if they are symmetrical. Overall, the proportion
of nodes that was unaffected was much higher for nodes with
a BS 80–100% than for nodes with a BS of 79% or below but
inﬂuence of search strategy on more robust nodes warrants cau-
tion as these nodes often form the basis of evolutionary or tax-
onomic inferences. In Fig. 1 bootstrap values from analysis
SIMPLE-10,000 are displayed.
Parametric bootstrapping resulted in a null distribution of
length differences (constrainedsim–unconstrainedsim) ranging be-tween 0 and 7 steps. The observed length difference (con-
strainedobs–unconstrainedobs) was 164 steps, which is
signiﬁcantly higher (P < 0.01), meaning that the null hypothesis
of length differences being due to stochasticity is rejected.
3.3. Plastid tree as inferred from Bayesian analyses
In the ﬁrst analysis mean LnL was signiﬁcantly higher for run 1
(42740) than for the other three runs (43420) (P < 0.001, t-test,
df = 44998). Posterior split probabilities were constant across sam-
ples and among runs, after a burnin of 10–25% was removed. Upon
calculation of a 50% majority rule consensus tree for each of the
runs separately, representing 8000 (runs 1 and 4) or 5000 (runs
2 and 3) optimal trees, three topological differences were appar-
ent: the positions of A. fulva and (R. setifolium, R. cf. corinum, R. pet-
rosum) were different in run 1 (p.p. = 0.60, 0.98, respectively)
compared to the other three (p.p. = 0.99–1.0 for both nodes) and
the position of A. diemenica differed in run 4 (0.97), compared to
the other three (p.p. = 0.80–0.86).
In the second analysis the three best runs converged at the less
optimal likelihood plateau of the previous analysis (43420). A
consensus tree of the 87,239 trees (total ESS = 541) remaining after
1/3 of the trees from each run had been removed as burnin, re-
vealed the same topology as the previous consensus tree with
the same mean likelihood, except the position of A. diemenica
which was no longer different from that in run 1 in the previous
analysis. Since we are able to demonstrate that only minor topo-
logical differences underlie the statistical differences we have cho-
sen to use the 8000 trees from the single run with the best
likelihood score as our phylogenetic hypothesis (Fig. 1). This is
more resolved than the results from the parsimony ratchet analysis
and congruent in all but four nodes, none of which is well sup-
ported in the parsimony analysis (BS = 51–64%), thus they are
not considered to represent conﬂict (not shown).
The most early diverging clade consists of six tough, wiry
grasses from Africa and the Himalayas that are members of the
Table 7
Bootstrap analyses, comparison of support values and running time. (A) Comparison of all nodes. (B) Comparisons where BSP 80% for nodes in at least one of the analyses.
Comparisona # nodes equal # Nodes higher (%)
(analysis time)
# Nodes lower (%)
(analysis time)
P (Wilcoxon’s
signed rank test)
P (Sign test) r2
(A) All nodes.
RAS-500: RAS-10,000 38 +40 (1–5) (14 h) 14 (1–4) (1 h) <0.01 <0.01 0.991
SIMPLE-500: SIMPLE-10,000 42 +31 (1–5) (4 h) 23 (1–4) (78 h) n.s. n.s. 0.993
RAS-500: SIMPLE-500 23 +36 (1–31) 39 (1–14) n.s. n.s. 0.900
RAS-10,000: SIMPLE-10,000 45 +35 (1–31) 16 (1–10) <0.01 0.01 0.915
(B) Nodes BS = 80–100%.
RAS-500:RAS-10,000 32 +6 (1–3) 9 (1–5) n.s. n.s. 0.953
SIMPLE-500:SIMPLE-10,000 30 +15 (1–4) 6 (1) n.s. n.s. 0.968
RAS-500:SIMPLE-500 19 +22 (1–31) 11 (1–7) 0.04 n.s. 0.759
RAS-10,000: SIMPLE-10,000 32 +14 (131) 6 (1–5) 0.04 n.s. 0.760
(C) Nodes BS = 50–79%
RAS-500:RAS-10,000 4 +27 (1–5) 7 (1–4) <0.01 <0.01 0.942
SIMPLE-500:SIMPLE-10,000 11 +16 (1–5) 17 (1–3) n.s. n.s. 0.951
RAS-500:SIMPLE-500 4 +26 (1–14) 19 (1–31) n.s. n.s. 0.480
RAS-10,000: SIMPLE-10,000 13 +11 (1–12) 26 (1–31) 0.02 0.02 0.567
a Analyses. RAS-500:500 bootstrap replicates, heuristic search with 50 RAS’s on each; RAS-10,000:10,000 bootstrap replicates, heuristics search with 1 RAS on each;
SIMPLE-500:500 bootstrap replicates, heuristic search with simple taxon addition; SIMPLE-10,000:10,000 bootstrap replicates, heuristic search with simple taxon addition.
Branch swapping was by the TBR algorithm throughout.
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BS = 73%, p.p. = 0.99, Fig. 1). Schismus plus K. schismoides are sister
to the remainder of the species (clade B, BS = 98%, p.p. = 1.0) and
Karroochloa and Tribolium form a well supported clade (clade C,
BS = 100%, p.p. = 1.0) sister to all the species from Australia, New
Zealand, South America and New Guinea (clade D, BS = 100%,
p.p. = 1.0). It is notable that despite the amount of data included,
branch lengths are remarkably short in clade D compared to clades
A, B and C.
Within clade D, there are three major clades: clades E
(BS = 100%, p.p. = 1.0), F (BS = 55%, p.p. = 0.98) and G (BS = 52%,
p.p. = 0.94). The relationship among these clades is not resolved.
Clade E consists of four small, primarily montane species from
New Zealand and one species with a disjunct distribution
between New Zealand and the Snowy Mountains in Australia
(R. pumilum). Clade F consists of two robust clades: H and I.
Clade H (BS = 76%, p.p. = 1.0) comprises all the Andean taxa
(clade Hi, BS = 99%, p.p. = 1.0) and a clade (Hii, BS = 70%,
p.p. = 1.0) of both lowland and highland species from New Zea-
land, two of which (N. gracilis and R. australe) are also native
to the Australian highlands. Clade I (BS = 70%, p.p. = 1.0) com-
prises three clades representing morphological extremes: large
species with very hairy lemma backs in two unsupported clades,
Ii and Iii, that are not well supported (BS < 50%, p.p. = 0.60; 0.61,
respectively) and one clade of all the species with glabrous or
much reduced indumentum on the lemma backs (clade Iiii,
BS = 70%, p.p. = 1.0). All the species in Clade G are Australian
and most of the species are widespread in the lowlands of SE
Australia. There is less internal support within this clade and
subclades are not always easy to characterise. Of note is a clade
of three species that prefer wet environments (clade Gi,
BS = 100%, p.p. = 1.0) and a clade uniting the species with broad
lemmas (Gii, BS = 99%, p.p. = 1.0). Finally, it is noteworthy that
the multiple accessions of A. caespitosa and J. pallida are found
in phylogenetically distant positions.3.4. Morphological cladogram
Equally weighted ratchet analyses yielded 256 MPTs of 2548
steps (CI = 0.179; RI = 0.456) in the ﬁrst run and 134 MPTs of iden-
tical score in the second run. Their respective strict consensus trees
are identical. The successive weighting analysis resulted in a stabi-lised topology after the third iteration, but tree length varied be-
tween iterations two and three (L = 181.588 to L = 184.450),
suggesting the presence of more than one weighting scenario
underlying the optimal topology. We thus carried out two more
iterations, after which tree length continued to vary slightly (from
L = 181.624 to L = 181.886), but the optimal topology remained un-
changed and the overall CI stabilised at 0.253 and the RI at 0.559.
The single most parsimonious tree found in the last iteration is pre-
sented in Fig. 2.
In this, species are essentially arranged into a grade, terminat-
ing in two sister clades, L and Q (Fig. 2). Trends largely correspond-
ing to the seven genera can be identiﬁed: species of
Austrodanthonia form the ‘basal’ grade, bar the large, wiry African
‘Merxmuellera’ species; Rytidosperma largely corresponds to clade
R; Karroochloa to clade M; Schismus to clade N; and Tribolium to
clade O. All but one species of Notodanthonia are found in clade P
and two of the three species in Joycea constitute clade J. Nineteen
nodes have support BSP 50% of which eight areP70% (Fig. 2). Al-
most all supported nodes are tip nodes and 12 are within Karroo-
chloa, Schismus and Tribolium (clades M, N, and O). This pattern
differs from the strict consensus cladogram resulting from the
EW analysis (see electronic Appendix II) only with respect to the
position of Rytidosperma virescens var. virescens and Austrodantho-
nia occidentale and with respect to the level of resolution within
clade Q (Fig. 2). Clade P (Fig. 2) is not depicted in the EW analysis,
nor is the sister relationships between Rytidosperma fortunae-hib-
ernae and R. pauciﬂorum and between R. mamberanense and R. vest-
itum and the two terminal clades within clade R (Fig. 2) are only
depicted in part. Downweighting the characters that are less con-
sistent with the set of cladograms from the EW analysis thus
yielded a more informative cladogram. We therefore use only the
single cladogram resulting from the SW analysis for further analy-
ses and discussion.3.5. Match of plastid tree to morphology, ecology and distribution
3.5.1. Morphology
Six congruent nodes were found between the cpDNA tree and
the morphological cladogram (Figs. 1 and 2): (1) A. mera + A race-
mosa + A clavata + A penicillata (clade K [morphology], clade Iiii
[cpDNA]) if the position of one of the accessions of A. caespitosa
(AMH25) in the cpDNA tree is disregarded; (2) R. nivicolum + R.
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Fig. 1. Bayesian majority rule consensus tree with BS indicated above the branches and Bayesian p.p. values indicated below branches. Nodes with BS < 50%, or which are not
present in the strict consensus are indicated by (–). Nodes congruent with morphological topology are marked by a black ﬁlled circle (d). Nodes annotated A–I refer to those
mentioned in the text. Taxa for which multiple accessions have highly disparate positions are underlined.
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Fig. 2. Morphological cladogram. Nodes congruent with the cpDNA tree are marked by a black ﬁlled circle (d). Bremer (regular) and BS (italicised) support values are
indicated below the branches and the number of unambiguous character state changes above the branches.
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in clade B (cpDNA); (5) T. acutiﬂorum + T. obliterum; (6) T. brachys-tachyum + T. uniolae. None of the congruent nodes falls within
clade G of the cpDNA phylogram (Fig. 1).
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signiﬁcantly different on the morphological cladogram compared
to on the plastid trees (Wilcoxon’s signed rank test, P = 0.01). Of
the characters whose RC ranks in the top 10% on each respective
topology, only two have the highest RC on both the morphologi-
cal and plastid topologies: completeness of the upper row of lem-
ma indumentum and caryopsis cross-sectional shape (Table 8).
Eight of the 22 characters that rank the highest RC on the mor-
phological cladogram have a distribution of character states that
is not signiﬁcantly different from random (Table 8). Fourteen
characters are signiﬁcantly different at the 1% conﬁdence interval.
On the plastid topology only one of the morphological characters
with the highest RC has a distribution of character states that is
no different from one expected by chance (Table 8) and 15 char-
acters are signiﬁcantly different from random at the 1% conﬁ-
dence level. Method of generation of randomised trees did not
affect the results.3.5.2. Ecology and distribution
Ancestral state reconstruction of each of the four ecological
characters, continental distribution and collection locality on theTable 8
Rescaled consistency index (RC) of morphological characters that rank the top 10% across th
of number of steps. Some characters score high on the morphological topology (86, 110, 18
Others (*) display a conserved pattern on the respective topology.
Topology Character
Morphological 110. Density of lodicule microhairs
205*. Tussock diameter at base
241. Anther length
86. Setae included in or exerted from glumes
170. Abaxial epidermal zonation presence
79. Lemma lobe length relative to lemma body
84. Second lemma lobe setae presence
204. Number of chromosome complements
232. Second lemma number veins in lobes
117. Caryopsis cross-sectional shape
212. Ligule length
210. inﬂorescence length
85. Lemma setae length relative to lemma lobe
34. Inﬂorescence shape
45. Glume length relative to the cluster of ﬂorets
76. Second lemma indumentum between rows
174. Intercostal short cell presence and distribution in long cells ﬁ
194. Adaxial prickle hairs presence and barbs presence
195. Adaxial prickle distribution
243*. Caryopsis width
72. Upper row of lemma indumentum
184. Abaxial microhair relationship between length of basal and d
Molecular 46. Glumes length relative to basal lemmas
114. Fruit a nut or caryopsis
192. Adaxial papillae shape
74. Second lemma lower row of hair
103. Distribution of palea indumentum
142. Distribution of 3’vbs relative
62. Second lemma veins anastomosing
141. Smaller bundles differentiated
207. Tussock height
247. Hilum length:tot caryopsis length
128. Setaceous, ﬁliform, shape
190. Abaxial costal silica bodies description
100*. Palea keels indumentum or ornamentation
117. Caryopsis cross-sectional shape
14. Innovation buds < position>
71. Density of scattered hairs on lemma back
101. Palea body texture
2. Plant growth form
72. Upper row of lemma indumentum
136. Angle and curvature of rib sides
118. Caryopsis cross-sectional shape
67*. Second lemma indumentum distributioncpDNA topology revealed that the number of steps required on
the observed topology was signiﬁcantly less than on a random
topology (P < 0.01) for each (Table 5).4. Discussion
4.1. A chloroplast tree of the Rytidosperma clade
Despite extensive Bayesian analyses no two runs converged at
the optimal likelihood score. However, topological differences be-
tween the optimal topology and the less optimal topology are re-
stricted to two nodes, both of which are tip nodes. Tip nodes in
this study may not represent phylogenetic positions of individual
species (see below) and topological differences at that level do
not affect the question of generic delimitation addressed here. Con-
sequently, we consider that any further attempts to seek statistical
convergence would be futile.
The plastid tree we present is based on an expansion of existing
datasets (Verboom et al., 2006; Barker et al., 2007; Pirie et al., 2008)
and accordingly displays a pattern consistent with previous studies.
Taxon sampling was only slightly improved upon compared to thee morphological and plastid trees, and their position relative to a random distribution
6, 187, 204, 205) or plastid topology (46, 71, 103, 192) because of a lot of missing data.
No. states RC Steps (obs) Steps (random) P value
3 1.00 27 26–35 0.01
2 1.00 10 10 n.s.
2 0.62 10 13–15 <0.01
3 0.45 26 29–36 <0.01
2 0.45 4 4–5 n.s.
4 0.44 43 52–66 <0.01
2 0.44 23 24–28 <0.01
5 0.41 31 32–36 <0.01
3 0.36 25 31–43 <0.01
6 0.33 19 18–19 n.s.
3 0.33 44 43–51 0.01
3 0.30 25 22–27 n.s.
3 0.27 37 40–49 <0.01
5 0.25 22 34–46 <0.01
3 0.25 29 42–58 <0.01
2 0.25 18 21–30 <0.01
les 6 0.25 28 25–28 n.s.
3 0.25 9 10–12 <0.01
3 0.25 3 2–3 n.s.
2 0.25 2 2 n.s.
3 0.24 17 30–39 <0.01
istal cells 4 0.24 14 12–16 n.s.
3 1.00 3 3–4 n.s.
3 1.00 2 3–4 <0.01
4 0.45 1–2 2–3 <0.01
5 0.33 21 25–29 <0.01
3 0.33 6 8–10 <0.01
4 0.33 3 3–4 0.05
2 0.25 2 2–3 0.01
2 0.25 2 2–3 0.01
2 0.25 47 47–48 0.05
2 0.25 2 2–3 0.05
4 0.23 6–7 7–15 <0.01
10 0.21 21–22 26–29 <0.01
4 0.20 12 27–38 <0.01
6 0.20 25–26 26–27 <0.01
2 0.19 6 12–15 <0.01
3 0.19 8–9 8–12 0.05
3 0.17 5 5–6 0.05
7 0.15 33 46–52 <0.01
3 0.15 27 31–36 <0.01
5 0.14 15–16 20–24 <0.01
6 0.14 25 26–28 <0.01
6 0.14 24 37–46 <0.01
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but characters were sampled much more densely, meaning that
for the ﬁrst time we are able to discuss the phylogenetic position
of individual clades with more conﬁdence. But how much of the
species phylogeny is reﬂected by the plastid (bifurcating) tree?
Considering that interspeciﬁc hybridisation is known to occur in
this group of danthonioid grasses (Brock and Brown, 1961; Spies
et al., 1992; Visser and Spies, 1994a, b, c, d;Waters, 2007) evolution
is unlikely to have proceeded linearly. Furthermore, the plastid gen-
ome behaves like a single gene. Genomic processes that do not track
evolutionary history at the organismal level might therefore cause
it to yield misleading inferences of species phylogeny (Doolittle,
1999; Zhang and Hewitt, 2003; Ballard and Whitlock, 2004; Spinks
and Shaffer, 2009). Explicit methods for deducing species phyloge-
nies from gene trees exist (Lerat et al., 2003; Maddison and Know-
les, 2006; Liu et al., 2007; Linnen and Farrell, 2008; Edwards, 2009)
but these necessarily rest upon data from entire genomes (Lerat
et al., 2003), parts of multiple genomes (e.g. Carstens and Knowles,
2007; Liu et al., 2008; Spinks and Shaffer, 2009) or simulations (e.g.
Maddison and Knowles, 2006). Even though we do have data from
the nuclear genome (ITS), the tree based on these data is poorly re-
solved to the point of being uninformative. Such low resolution
could be the result of ﬁxation of point mutations, i.e. homogenisa-
tion of hybrid sequences by the process of concerted evolution
(Wendel et al., 1995; Roelofs et al., 1997; Fuertes Aguilar et al.,
1999b). For that to apply low levels of variation among individual
sequences would be expected but in fact observed ITS sequences
are not particularly homogenous (Table 6) andwe attribute low res-
olution to a simple paucity of parsimony informative characters gi-
ven the number of taxa. In the absence of independent molecular
data we test the reliability of the plastid tree against morphological,
ecological and distribution data using the philosophy of ‘reciprocal
illumination’ (‘‘reciprocal clariﬁcation” of Hennig (1966); illumina-
tion loops and research cycles of Kluge (1997); cycles of character
and hypothesis testing of Egan (2006)).4.2. Reliability of the plastid tree – ﬁt with morphology, ecology and
distribution
4.2.1. Fit with morphology
Only six nodes in the cpDNA tree are congruent with or uncon-
tradicted by the morphological cladogram (Figs. 1 and 2). Three of
these are among the African species in clades B and C and three are
in clade F. Those in clade F include R. nivicolum and R. nudiﬂorum,
two small, overall glabrous species that often co-occur and have
been considered to be closely related in the past, on the basis of
morphology (Vickery, 1956; Walsh and Entwistle, 1994). Austrod-
anthonia mera, A. clavata, A. racemosa and A. penicillata belong to
the group of lowland species in which lemma indumentum is ab-
sent or reduced and an association among some or all of these spe-
cies has been noted repeatedly (e.g. Vickery, 1956; Zotov, 1963;
Connor, 1991; Linder, 2004). Joycea pallida and J. lepidopoda make
up two of the three species of the genus Joycea and their associa-
tion on molecular grounds is reassuring rather than surprising. De-
spite a good ﬁt at a few nodes, most parts of the cpDNA tree are
incongruent with the morphological cladogram. In addition, the
mean RCs (Farris, 1989) of all characters taken together are signif-
icantly different on the morphological topology compared to the
cpDNA topology and only two characters score a high RC on both
topologies (Table 8). Taken together, these results demonstrate
that the morphological and plastid topologies are signiﬁcantly dif-
ferent. Differences between the morphological and cpDNA topolo-
gies may reﬂect high levels of homoplasy in either or both of the
datasets, the plastid tree not representing species phylogeny or
reconstruction errors. Considering the extensive analyses, recon-struction errors are unlikely, leaving incongruent plastid and spe-
cies histories or homoplasy as possible explanations.
Two thirds of the best ﬁtting characters have a distribution on
the morphological cladogram that signiﬁcantly more parsimonious
than their distribution on a random topology, whereas on the
cpDNA topology all but one character has a signiﬁcantly more par-
simonious distribution than on a random topology (Table 8). This
suggests that much more of the signal in the morphological data
than the cpDNA data cannot be distinguished from a random signal,
meaning that the incongruence between the morphological and
plastid trees is likely to be the result of homoplasy in the morpho-
logical dataset. The fact that only one of the best ﬁtting morpholog-
ical characters has a random distribution on the plastid tree lends
conﬁdence to the presence of a phylogenetic signal in the plastid
tree that is supported by certain morphological characters.
4.2.2. Fit with ecology and distribution
All optimised ecological characters (altitude, habitat, parent
rock type and moisture regime) and continental distribution
showed a signiﬁcantly more parsimonious distribution on the
cpDNA topology than on a random topology (Table 5). This sug-
gests that our phylogenetic hypothesis is consistent with the exis-
tence of an evolutionary history that is, in part, constrained by
geographical and ecological factors and can be explained by phylo-
genetic niche conservatism sensu Crisp et al. (2009).
Distribution of the Rytidosperma clade largelymirrors that of the
Danthonioideae as a whole, with species occurring on all Southern
Hemisphere continents and Africa being optimised as the ancestral
area (Linder and Barker, 2000, 2005; Pirie et al., 2009). Most of the
diversity of the Rytidosperma clade is found in Australasia and the
non-African members of the Rytidosperma clade (clade D) form a
monophyletic group, embeddedwithin the paraphyletic African lin-
eages (Fig.1). Thesepatterns suggest thatestablishmentof theextra-
African distribution was initiated by a single dispersal event out of
Africa, followedbyamajor radiation inAustralasia.Moleculardating
analysis places the occurrence of this dispersal event between ca. 10
and 3.1 Ma (A. Antonelli, unpublished results), suggesting that the
Rytidosperma clade shares its biogeographic history with Gna-
phalieae (Asteraceae) (Bergh and Linder, 2009) and possibly parts
of Schoeneae (Cyperaceae) (Verboom,2006) andAnthemideae (Aster-
aceae) (Himmelreich et al., 2008). Disjunct distributions across the
Indian Ocean in these groups were established through dispersal
from Africa to Australasia during the Miocene as opposed to in the
opposite direction,which seems tohavebeenmoreprevalentduring
the early Eocene (Bergh and Linder, 2009). The timeframe in which
the Rytidosperma clade is likely to have radiated in Australasia sup-
ports predictions that several plant lineages in New Zealand under-
went rapid diversiﬁcation following the onset of mountain building
ca. 5–2 Ma (Winkworth et al., 2002b, 2005). Consistent with this,
ancestral state reconstructions revealed that the ancestor of the
non-African species in the Rytidosperma clade was probably ‘mon-
tane’ (Fig. 3A) suggesting a scenario of colonisation of high elevation
areas in Australasia with subsequent colonisation of the lowlands.
Distribution of the Rytidosperma clade also displays a trans-Pa-
ciﬁc disjunction. Floristic similarities between southern Chile and
New Zealand were noted by Hooker (1846, 1853) and Darwin
(1859) and according to more recent ﬂoristic studies at least 40
genera shared between New Zealand and the Southern Andes have
disjunctions that were probably established by dispersal across the
Paciﬁc (Wardle et al., 2001; Ezcurra et al., 2008). In the present
analysis we found that the Andean species (clade Hi) are sister to
a clade of species from New Zealand, two of which occur also in
Tasmania (clade Hii). These clades are embedded in a larger Aus-
tralasian clade, suggesting that the trans-Paciﬁc pattern in the Ryt-
idosperma clade has established following a single dispersal event
from Australasia to the southern Andes, an implication that ﬁts
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latitudes (Flemming, 1963, 1979; Raven, 1973; Winkworth et al.,
2002b). This is a scenario shared with several other plant groups,
e.g. Coriaria (Yokoyama et al., 2000), Drosera (Rivadavia et al.,
2003), the new Zealand hebes (Veronica) (Wagstaff et al., 2002)
and Myosotis (Winkworth et al., 2002a). Overall, the good ﬁt of
the cpDNA tree with ecology and with biogeographical patterns
across the Indian Ocean and the Paciﬁc lends conﬁdence that a sig-
niﬁcant level of the species phylogeny is contained within the phy-
logenetic signal of the plastid tree.
4.2.3. A possible confounding signal of another dimension:
geographical patterning of the cpDNA data
While several of the clades within clade F can be characterised
based on morphological or ecological characters, those within
clade G generally can not (Fig. 3A). The existence of a geographical
structure to the cpDNA data, such that samples show afﬁnity
according to geographical area of origin rather than to morphology
and thus traditional systematic arrangement, could confuse pat-
terns at morphological and ecological levels (Fuertes Aguilar
et al., 1999a; Feliner et al., 2004). Geographical patterning in
cpDNA markers has been reported for the Tasmanian eucalypts
(McKinnon et al., 2001, 2004), for Iberian species of Phlomis (Alb-
aladejo et al., 2005) and for white oaks in Europe (Dumolin-Lapé-
gue et al., 1997; Petit et al., 2002). In these plant groups there is
mounting evidence for the presence of several haplotypes within
a single species, shared among species within geographical regions,
with introgression and hybridisation being invoked as the most
likely cause (Dumolin-Lapégue et al., 1997; Steane et al., 1998;
Fuertes Aguilar et al., 1999a; Jackson et al., 1999; McKinnon
et al., 2001; Petit et al., 2002). Given that the species in the present
analysis hybridise in nature (Brock and Brown, 1961; Spies et al.,
1992; Visser and Spies, 1994a, b, c, d; Waters, 2007), the occur-
rence of several ploidy forms within a single species, haplotype
sharing among species from the same area (Waters, 2007; Waters
et al., 2008) and continuous variation in morphological characters
among several species, geographical patterning could offer an
explanation to some of the patterns evident in the plastid tree pre-
sented here (Fig. 3B, Table 5). For example, such patterning might
explain the difﬁculty to distinguish subclades within clade G and
could perhaps account for the separation of one of the accessions
of A. pilosa from the other two, the grouping of all of the specimens
of R. nivicolum and R. nudiﬂorum from Tasmania separate from two
accessions from other areas, or the grouping of A. bipartita, a spe-
cies found in dry habitats, with accessions of other species from
the same area in a clade of otherwise wet-dwellers (Fig. 3). But
geographical patterning does not explain the highly disparate phy-
logenetic positions of the two accessions of J. pallida and A. caespi-
tosa (Fig. 3), which do not all group with other accessions from the
same area. Indeed, our sampling is not sufﬁciently detailed to rule
out alternative explanations such as convergent evolution or line-
age sorting and, in addition, the occurrence of long distance dis-
persal of caryopses would clutter a clear geographical structure
to the cpDNA data (Feliner et al., 2004). Bearing this in mind we
are, at this stage, forced to conclude that aspects of this phylogeny
remain enigmatic and that its resolution would require denser
sampling, at the population level, and of the nuclear genome in
addition. Despite this, we are conﬁdent that evidence from mor-
phology, ecology and distribution indicates that the level of resolu-
tion of the plastid tree is sufﬁcient to serve as a framework for a
reconsideration of the generic classiﬁcation.
4.3. Implications for a generic classiﬁcation of Rytidosperma s.l.
The three major clades among which the Australasian taxa are
distributed reveal a certain amount of agreement with the genericsystem of Linder and Verboom (1996). Clades E and F are entirely
or largely made up of species of Rytidosperma and clade G is largely
a clade of Austrodanthonia species. This pattern probably reﬂects
the ecological component of these genera, but none of the clades
bears any resemblance to Zotov’s (1963) sections (Buchanania,
Semiannularia, Notodanthonia) within his genus Notodanthonia,
although they were described to explicitly reﬂect the ecological
niches of the species. Placement of Erythranthera, Monostachya
and Pyrrhantherawithin Rytidosperma and Urochlaenawithin Tribo-
lium (Linder and Verboom, 1996; Linder and Davidse, 1997) is con-
sistent with their positions in the plastid tree. However, none of
the genera sensu Linder and Verboom (1996) is monophyletic
and the species of Notodanthonia and Joycea are scattered in both
clades F and G. Constraining each of the four genera of Linder
and Verboom (1996) to be monophyletic results in trees signiﬁ-
cantly longer than would be expected to be the result of stochastic-
ity in the course of molecular evolution and is instead interpreted
as the result of the existence of a phylogenetic signal that is incom-
patible with the present generic system.
Signiﬁcantly different signals contained in the morphological
and plastid topologies means morphology alone is not predictive
of phylogeny (in this case, plastid tree) and basing classiﬁcations
entirely on morphology could have led to the taxonomic chaos
found in Rytidosperma s.l. Indeed, the fact that several clades lack
straightforward diagnosis (Fig. 3A) means that subdivision of Ryti-
dosperma s.l. into genera would not be straightforward. Verboom
et al. (2006) discussed the implications of recognising the entire
Rytidosperma clade at generic rank. This large genus would be de-
ﬁned by having a punctate-ovate hilum, a synapomorphy for the
clade. An alternative solution is to recognise segregate genera in
Africa, but to make of the Australasian and South American species
(clade D) a single genus (Linder et al., submitted for publication).
This clade can be diagnosed (Fig. 3A) and comprises a group that
has been recognised as a coherent entity in the past (with the
exclusion of varying treatment of Erythranthera, Pyrrhanthera and
Monostachya). Even upon segregation of smaller genera Linder
and Verboom (1996) acknowledged that the case for recognising
a single, large genus Rytidosperma was almost as strong. The main
reason not to follow that course then was the nested position of
Karroochloa within the Australasian species. The current topology
removes that reason. Combining the species in clade D into Rytido-
sperma s.l. would create a genus that can be diagnosed by a punc-
tiform hilum, a wide callus, ciliate indumentum on the palea keel, a
tri-lobed lemma with a well developed central awn that is often
twisted and tufted lemma hairs that are organised in two trans-
verse rows (Fig. 3A), the latter being an aspect that goes back to
Steudel’s (1854) original concept of the genus. In South America
Rytidosperma is clearly distinct from other widespread danthonioid
genera, Cortaderia and Danthonia, and in New Zealand it is clearly
distinct from Cortaderia and Chionochloa. In Australia the broader
delimitation would not affect communication using the common
name (wallaby grasses), as it is used for species in both Austrodan-
thonia and Rytidosperma s.s., and would make Rytidosperma s.l. the
most widespread danthonioid genus in Australia, extending also to
Southeast Asia. Recognition of Rytidosperma s.l. is thus taxonomi-
cally and nomenclaturally conservative and ﬁts a concept still in
working use in South America (Baeza, 1996, 2002) and New Zea-
land (Edgar and Connor, 2000), bar the inclusion of Pyrrhanthera.
If we accept a return to Steudel’s (1854) genus in an act not so
controversial given taxonomic use today, why then was Steudel’s
genus ever abandoned? The concept of Rytidosperma was in fact
laid down by Desvaux (1854) when he separated the species of
Danthonia into two sections based on the length of the callus rela-
tive to the rachilla and the arrangement of the hairs of the lemma.
Steudel (1854) formalised these differences at the generic rank, but
Bentham doubted the validity of the genus Rytidosperma because it
ED
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Fig. 3. Summary cladogram of Rytidosperma s.l. showing (A) what morphological, ecological and distribution characters clades are based on (following parsimony
optimisation), parsimony ancestral state reconstruction of the altitude character and (B) collection locality of each sample. Clades correspond to those in Fig. 1, where support
values and branch lengths are shown. Branch lengths in this ﬁgure have no signiﬁcance. A. Ecological/geographical characters that deﬁne a clade are marked with a green bar
and morphological characters that deﬁne a clade are marked with a red bar. Numbers above the bars correspond to characters listed in Table 3 and Appendix B, respectively.
Characters that are listed more than once are represented by different states in different clades. Ecological/distributional: 1. highland, 2. grassland in full sun, 3. basalts [clade
H], shales [clade I], granite [within clade Iiii], 4. wet [clades H and within Iiii], dry [clades I and within G], 5. New Zealand [clade E], South America [clade Hi], Australia [clade
G], (‘Southern Hemisphere-except-Africa’ [clade D]). Morphological: 14. innovation buds extravaginal [within clades Hii and Iiii], 32. inﬂorescences racemose as opposed to
paniculate [clade Iiii], 36. pedicels and spikelets parallel to inﬂorescence axis as opposed to diverging from it [within clade Iiii], 53. callus wider than rachilla internode [clade
D], 67. lemma indumentum aggregated into discrete tufts [clade D], 72. presence of upper row of lemma hair [clade D], upper row of lemma hair incomplete [within clade Iiii],
74. presence of lower row of lemma hair [clade D], lower row of lemma hairs in marginal tufts [in clade Iiii], 86. setae exerted from the glumes [within clade Iiii], 96. palea
broad [in clade G, but narrow, broad or linear at more inclusive clade], 100. palea keel indumentum ciliate (as opposed to scabrid or absent) [clade D]. Altitude: the
optimisation for this character (1) is shown as circles for key clades mentioned in the text. B. Geographical origin of each sample for chloroplast data used in this study (based
on collection locality, Table 5). WA =Western Australia, VIC = Victoria, ACT/NSW = Australian Capital Territory/New South Wales, TAS = Tasmania, SA = South Australia.
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to be larvae that had infected the ﬂorets of the specimen upon
which it was based (Bentham, 1882; Nicora, 1973). Despite the
unfortunate name, the concept of Rytidosperma was not based so-
lely upon (erroneous) seed characters but the generally degraded
state of the type specimen rendered it difﬁcult to place taxonomi-
cally for a long time. In fact, Bentham (1882) placed it with Des-
champsia cespitosa (Pooideae) where it remained until Nicora
(1973) revived the name Rytidosperma after realising that Zotov’s
Notodanthonia and Steudel’s Rytidosperma referred to the same tax-
on (Connor and Edgar, 1979).
A return to a broader concept of Rytidosperma is thus in line
with Steudel and Zotov, conceptually if not nomenclaturally, devi-
ating only in the inclusion of Erythranthera and Pyrrhanthera, now
believed to constitute morphological oddities embedded within
the genus, and in the extension of their generic concepts to include
also the New Guinean species including Monostachya. A broader
concept of Rytidosperma is also in line with the wider taxonomic
community, where molecular phylogenetic analysis and large scale
study seem to be spurring a marked trend toward the recognition
of more broadly construed genera (Humphreys and Linder, 2009).
A broadly delimited Rytidosperma is based on a well supported
clade, which we anticipate will be robust to possible phylogenetic
reshufﬂings within the genus, ensuring stability at the generic
rank. We hope that compliance with history, common names and
contemporary thought will lead to widespread acceptance of the
proposed generic delimitation and hence confer its stability.5. Conclusion
We present a phylogenetic hypothesis for Rytidosperma s.l.
based on cpDNA. We conclude that despite relying on a single gen-
ome we are able to trace a phylogenetic signal that is supported by
morphological, ecological and distribution data and that is sufﬁ-
cient to serve as a framework upon which to base a taxonomic
revision of this group at the generic rank. All Australasian and
South American species form a well supported clade that can be
diagnosed by lemma, caryopsis and palea characters and which is
equivalent to Steudel’s (1854) concept of the genus Rytidosperma.
We thus propose reduction to synonymy of Austrodanthonia, Joycea
and Notodanthonia and recognition of a broader concept of the
genus Rytidosperma. Formal taxonomic changes, including further
changes across the Danthonioideae as a whole, will be made in a
separate paper (Linder et al., submitted for publication).Acknowledgments
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